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(57)Abstract: 

PURPOSE: To improve a crystallizability and a quality of an indium gallium 
nitrid (InGaN) semiconductor and obtain the practical InGaN, by doping Si 
or Ge into the InGaN semiconductor represented in a specific general 
expression and growing it. 

CONSTITUTION: In a method of growing an indium gallium nitride compound 
semiconductor by a metal organic chemical vapor deposition (MOCVD) 
method, a gas of a gallium source, a gas of an indium source, a gas of a 
nitrogen source and a gas of a silicon source or a germanium source are 
used as a material gas, and further a carrier gas of the material gas is used 
as a nitrogen, and the indium gallium nitride semiconductor represented in a 
general xpression InxGa1-NN (where 0<x (0.5) into which Si or Ge is doped 
is grown on a gallium nitride layer at a growth temperature of higher than 
600° C. A crystallizability and a quality of the semiconductor can be further 
improved and the practical InGaN is obtained, and a semiconductor material 
stacked in a blue luminescent device can be formed in a double hetero 
structure. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has be n translated by comput r.So the translation may not refl ct the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLA IMS _ 

[Claim(s)] ~ [ 

[Claim 1] General formula InXGal- Indium-nitride gallium semiconductor characterized by Si or germanium being doped by 

the indium-nitride gallium semiconductor expressed with XN (however, X 0< X< 0.5). 

[Claim 2] It is the growth method of the indium-nitride gallium-compound semiconductor by the organic-metal vapor 
growth, as material gas The gas of the source of a gallium, The carrier gas of the aforementioned material gas is further 
used as nitrogen using the gas of the source of an indium, the gas of a nitrogen source, and the gas of the source of silicon 
or the gas of the source of germanium, at growth temperature higher than 600 degrees C The growth method of the 
indium-nitride gallium semiconductor characterized by growing up the indium-nitride gallium semiconductor expressed with 
gen ral formula InXGal -XN (however, X 0< X< 0.5) which doped Si or germanium on the gallium-nitride layer. 
[Claim 3] The growth method of the indium-nitride gallium semiconductor according to claim 2 characterized by ac(justing 
the mole ratio of an indium to the gallium in the aforementioned material gas to 0.1 or more. 

[Claim 4] The growth method of the indium-nitride gallium semiconductor according to claim 2 characterized by adjusting 
the mole ratio to the gallium of the silicon in the aforementioned material gas to 1x10-5-0.05. 

[Claim 5] The growth method of the indium-nitride gallium semiconductor according to claim 2 characterized by adjusting 

the mole ratio to the gallium of the germanium in the aforementioned material gas to 1x10-4-0.5. 

[Claim 6] The aforementioned gallium-nitride layer is the growth method of the indium-nitride gallium semiconductor 

according to claim 2 characterized by being the gallium-nitride aluminum layer which replaced a part of the gallium with 

aluminum. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detail d Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the indium-nitride gallium semiconductor used for blue light emitting diode, 

blue laser diode, etc., and its growth method. 

[0002] 

[D scription of the Prior Art] Gallium-nitride system compound semiconductors, such as a gallium nitride (GaN), an indium- 
nitride gallium (InGaN), and gallium-nitride aluminum (GaAIN), attract attention as a practical semiconductor material used 
for blu diode, blue laser diode, etc., and, as for InGaN, for a certain reason, promising ** of the band gap is carried out 
very much to 2eV - 3.4eV also in it. 

[0003] When growing up InGaN by the organic-metal vapor growth (henceforth the MOCVD method) conventionally, it was 
growing up on silicon on sapphire at low temperature with a growth temperature of 500 degrees C - 600 degrees C. That in 
which the decomposition pressure of InN in InGaN will turn into about 10 or more atmospheric pressure, InGaN will almost 
decompose into, and the melting point of about 500 degrees C and GaN wilt be formed for it if it grows up InGaN at the 

ievat d temperature of 600 degrees C or more, since the melting point of InN is about 1000 degrees C is because it 
becom s only the sediment of the metal of Ga, and the metal of In. Therefore, when it was going to grow up InGaN, growth 
temp rature had to be held at low temperature. 
[0004] 

[Probl m(s) to be Solved by the Invention] Even if the crystallinity of InGaN which grew under such conditions was very 
bad, for example, it performed photoluminescence measurement at the room temperature, most luminescence between 
bands is not seen, but luminescence from a deep level is [ only being observed slightly and ], and blue luminescence was 
not observed. And even if it was going to detect the peak of InGaN by the X diffraction, a peak was hardly detected, but the 
crystallinity of the actual condition was close to the amorphous-like crystal rather than the single crystal. 
[0005] In order to realize blue luminescence devices, such as blue light emitting diode and blue laser diode, it is quality and 
realization of InGaN which has the outstanding crystallinity is desired strongly. Therefore, the place which this invention is 
made to solve this problem and is made into the purpose is quality, and offers InGaN excellent in crystallinity, and its 
growth method. 
[0006] 

[Means for Solving the Problem] by growing up InGaN not on sapphire but on GaN or GaAIN still like before in growing up by 
the MOCVD method, using nitrogen as carrier gas of material gas, by being able to grow up by the crystallinity excellent 
also in temperature higher than 600 degrees C, and moreover making it grow up, doping a specific element, we newly find 
out that the crystallinity and a property are markedly alike and improve, and came to make this invention 
[0007] The growth method of this invention is the growth method of the indium-nitride gallium-compound semiconductor by 
the MOCVD method, as material gas Namely, the gas of the source of a gallium, The carrier gas of the aforementioned 
mat rial gas is further used as nitrogen using the gas of the source of an indium, the gas of a nitrogen source, and the gas 
of the source of silicon or the gas of the source of germanium, at growth temperature higher than 600 degrees C It is 
characterized by growing up the indium-nitride gallium semiconductor expressed with general formula InXGa1-XN (however, 
X 0< X< 0.5) which doped Si or germanium on the gallium-nitride layer. 

[0008] In the growth method of this invention by the MOCVD method to material gas As a source of Ga, for example, 
trimethylgallium {Ga(CH3)3:TMG], As triethylgallium {Ga(C2H5)3:TEG} and a nitrogen source, ammonia (NH3), As a hydrazine 
(N2H4) and a source of an indium, trimethylindium {In(CH3)3:TMI}, Germane (GeH4) etc. can be preferably used as a silane 
(SiH4) and a source of germanium as triethylindium {In(C2H5)3:TEI} and a source of silicon. 

[0009] Furthermore, it can suppress InN in InGaN decomposing and going away out of a crystal lattice also at growth 
temp rature higher than 600 degrees C, by using nitrogen as carrier gas of the aforementioned material gas. 
[0010] The mole ratio of the ind ium of the gas of the source of an indium in the material gas supplied during growth is 
preferably adjusted to 1.0 or more still more preferably 0.1 or more to a gallium 1. When there are few mole ratios of an 
indium than 0.1, it is in the inclination to be hard to obtain the mixed crystal of InGaN, and for crystallinity to become bad. 
Because, decomposition of InN generates the growth method of this invention somewhat in order to grow up InGaN at 
temperature higher than 600 degrees C. Therefore, since InN stops being able to enter easily during a GaN crystal, InN can 
be put in during the crystal of GaN by supplying many indiums rath r than a part for the decomposition pr ferably. 
Therefore, the mole ratio of an indium can obtain InXGa1-XN which makes X value less than 0.5, when it is more desirable 
to make [ many / that it grows up at an el vated t mperature / so ] it, for exampl , a gallium supplies an indium about 10 
to 50 times at the growth temperatur around 900 degrees C. 

[001 1] Growth temperature is pr ferably adjusted to the range of 700 degre s C or more and 900 degrees C or less that 
what is necessary is just temperature higher than 600 degre s C. Since the crystal of GaN cannot grow asily that it is 600 
d grees C or less, though the crystal of InGaN can make it hard to be able to carry out, it is set to bad crystalline InGaN 
like before. Moreover, since it becomes it easy to decompose InN to be temperature higher than 900 degrees C, it is in the 
inclination for InGaN to tend to turn into GaN. 

[0012] The mole ratio of the indium gas to supply and growth temperature can be suitably changed in the range of the X 
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valu 0< X<0.5 of InXGa1-XN made into the purpose. For xample, what is nec ssary is to make it grow up at the low 
temperature around 650 degr es C, or just to mak [ many ] the mol ratio of In in mat rial gas, if it is going to make 
[ many ] In. What is n ce ssary is just to mak it grow up at the levated temp rature around 900 d gre s C, if it is going to 
make [ many ] Ga. How v r, it was very difficult to grow up InXGaN1-XN which makes X value 0.5 or more at temperatur 
higher than 600 degrees C, and when InXGa1-XN which makes X value 0.5 or more was used for luminescence devices, 
such as light mitting diode, th luminescence wav I ngth was in the yellow field, and since it was not blue and the thing 
which can be used as ultraviolet, X value made less than 0.5 the reason for limitation. 
[001 3] 

[Function] Drawing 2 is suppli d Si and drawing showing th r lation of the photoluminescence int nsity of the obtained Si 
dop InGaN in the growth method of this invention. This as carrier gas In order to supply 2x10 -six-mol a part for /and TMI 
by part for 20x10 -six-mol/, to supply [ nitrogen ] NH3 for TMG by part for 4l./as 21. a part for /and material gas and to 
dope Si further, Change the amount of supply of silane gas and In0.25Ga0.75N which doped Si on the GaN layer is grown up. 
lOmW h lium-Cd laser is irradiated after growth at the obtained Si dope In0.25Ga0.75N layer, and the photoluminescence 
intensity in the 450nm is measured. In addition, the relative intensity at the time of setting to 1 InO.25GaO.75N layer 
photoluminescence intensity which does not dope Si formed on the GaN layer shows this drawing. The spectrum of the 
photoluminescence of In0.25Ga75N which does not dope this Si is shown in drawing _4 . The spectrum of the 
photoluminescence of InO.25GaO.75N which doped Si of this invention is independently indicated to be this to drawing 5 . 
[0014] The photoluminescence intensity of InGaN increases by leaps and bounds as are shown in drawing 2 and Si is doped. 
By adjusting the mole ratio of the silicon in material gas to the range of 1x10-5-0.05 to a gallium 1, as compared with what 
does not dope Si, the intensity amounts to 5 or more times, and improves by no less than 60 to 70 times at the maximum. 
[0015] Drawing 3 is also drawing showing the relation of the photoluminescence intensity of obtained germanium dope 
In0.25Ga0.75N with supplied germanium similarly. This for nitrogen TMG as 21. a part for /and material gas as carrier gas A 
part for 2x10 -six-mol/, Are supplied TMI by part for 20x10 -six-mol/, and NH3 is supplied on these conditions like 4L a 
part for /and beyond. In order to dope germanium furthermore, change the amount of supply of germane gas, and 
In0.25Ga0.75N which doped germanium on the GaN layer is grown up. The photoluminescence intensity in obtained 
germanium dope In0.25Ga0.75N layer 450nm is measured after growth. In addition, the relative intensity at the time of 
s tting to 1 In0.25Ga0.75N layer photoluminescence intensity which was formed on the GaN layer and which nothing dopes 
also shows this drawing. 

[0016] By [ which dope germanium ] being alike, therefore the photoluminescence intensity of InGaN increasing by leaps 
and bounds, and adjusting the mole ratio of the germanium in material gas to 1x10-4-0.5 to a gallium 1 shows the intensity 
amounting to 5 or more times as compared with what does not dope Si, and improving by 60 to 70 times similarly at the 
maximum like [ drawjng_3 ] drawing 2 . 

[0017] By growing up InGaN as mentioned above, germanium can be doped in InGaN in Si or 3-1022-/cm3 of1016/cm. 
From th result of a photoluminescence, the optimum value is 1018-1020-/cm3. 

[0018] The growth method of this invention can obtain quality InGaN by supplying many indiums in material gas, even if it 
can suppress decomposition of InGaN and InN decomposes somewhat in growth temperature higher than 600 degrees C by 
using the carrier gas of material gas as nitrogen. 

[0019] Furthermore, although the InGaN layer was grown up on silicon on sapphire in the former, for a certain reason, about 
15% or more of lattice constant irregular ** is considered that the crystallinity of the obtained crystal becomes bad by 
sapphir and InGaN. On the other hand, in this invention, since the lattice constant non-** can be made small with 5% or 
I ss by making it grow up on GaN or a GaAIN layer, InGaN excellent in crystallinity can be formed. Although drawing 4 is 
InGaN which grew on the GaN layer, it is expressed notably, and although the spectrum of the photoluminescence of InGaN 
has not been measured at all, since crystallinity is improving clearly, in this invention, the luminescence peak has appear d 
in the 450nm blue field at the conventional method. Moreover, in the growth method of this invention, a part of this Ga of 
GaN may be replaced with aluminum, and it is technical within the limits. 

[0020] As compared with what is not doped, photoluminescence intensity can be increased by leaps and bounds with five to 
70 times by doping Si and germanium further again. This shows notably that crystallinity and quality are improving further 
according to the effect of Si and germanium. draw_ing_5 is drawing showing it, and it turns out that a spectrum is measured 
in 1/50 of the range of drawing 4 , it is markedly alike, and luminescence intensity is increasing 
[0021] 

[Example] Hereafter, the growth method of this invention is explained in full detail in the example based on a drawing. 
Drawjng_i is the outline cross section showing the composition of the principal part of the MOCVD system used for the 
growth method of this invention, and shows the structure of the reaction section, and the gas schematic diagram which 
I ads to the reaction section. The reaction container by which 1 was connected with a vacuum pump and the exhaust, the 
susceptor in which 2 lays a substrate, 4 rotates [ the heater at which 3 heats a susceptor, and ] a susceptor, and the 
control axis which carries out vertical movement, the quartz nozzle to which 5 supplies material gas aslant or horizontally 
toward a substrate, and 6 by supplying inert gas perpendicularly toward a substrate A conical quartz tube with the 
operation which material gas is pressed to a substrate side and contacts material gas to a substrate, and 7 are substrates. 
The organometallic compound sources, such as TMG and TMI, are evaporated by the bubbling gas of a minute amount, and 
are supplied in a reaction container with doping gas, such as a silane and germane, by the carrier gas which is main gas. 
[0022] [Example 1] The silicon on sapphire 7 oft n wash d first is set to a susceptor 2, and the inside of a reaction 
contain r is nough replaced from hydrogen. 

[0023] N xt, passing hydrog n from the quartz nozzle 5, at a heat r 3, temperature is raised to 1050 degre s C, and is held 
for 20 minut s, and silicon on sapphire 7 is cleaned. 

[0024] Then, lowering temperature to 510 degrees C and passing hydrogen by part for 2l./as a part for ammonia (NH3) 4 I./, 
and carrier gas from the quartz nozzle 5, TMG is 27xten - six mol/Shunted, it holds for 1 minute, and about 200A grows a 
GaN buffer layer. In the m antime, from the conical quartz tube 7, pouring 101. a part for /and nitrogen for hydrogen is 
continued by part for 101./, and a susceptor 2 is rotated slowly. 

[0025] Only TMG is stopped after buffer-layer growth and temperature is rais d to 1030 degre s C. If temperature 
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becomes 1030 degr es C, similarly will pass TMG by part for 54xten - six-mol/by making hydrogen into carrier gas, it will 
be made to grow up for 30 minutes, and 2 *nicrometers of GaN layers will be grown up. 

[0026] An Si dope InGaN layer is grown up for 60 minutes, pouring 20x10 -six-mol a part for /and silan gas by part for 
2x10 -nine-mol/, and pouring [ mak temperature into 800 degr es C after GaN layer growth, change carrier gas to 
nitrogen, / 21. a part for /and TMG / 2x10 -six mol a part for /and TMI ] nitrogen for ammonia by part for 41./. In addition, 
the gas supplied from the conical quartz tube 7 is also us d only as nitrogen, and passing it by part for 20l./in the meantim 
is continued. 

[0027] When the X-ray rocking curve of the InGaN layer obtained as mentioned above was taken, it had the peak at the 
place which shows composition of InO.25GaO.75N, and the half-value width was 6 minut s. While the value of these 6 
minutes is reported conventionally, it is the minimum value and the crystallinity of InGaN by the method of this invention 
shows that it excels very much. Moreover, when Si in InGaN was measured by SIMS, it was 2x1019-/cm3. 
[0028] Are passed TMG by part for 2x10 -six-mol/after [example 2] GaN layer growth, and 20x10 -six-mol a part for /and 
germane gas are passed for TMI by part for 2x10 -eight-mol/, and also the germanium dope InGaN layer was grown up like 
the xample 1. 

[0029] When helium-Cd laser was irradiated at the obtained InGaN layer and the photoluminescence was measured, it had 
the luminescence peak in 450nm, and it had the peak at the place which shows composition of In0.25Ga0.75N when an X- 
ray rocking curve is measured, and, similarly the half- value width was 6 minutes. Moreover, germanium concentration in 
InGaN was about 1x1019-/cm3. 

[0030] After [example 3] GaN layer growth, TMI is passed by part for 2x10 -seven-mol/, and also the Si dope InGaN layer 
was grown up like the example 1. 

[0031] When the X-ray rocking curve of the obtained InGaN layer was measured, it had the peak at the place which shows 
composition of InO.08GaO.92N, and the half-value width was 6 minutes. Moreover, when helium-Cd laser was irradiated and 
the photoluminescence was measured, luminescence between bands of purple InGaN strong against 390nm was seen. 
[0032] Only TMG is stopped after buffer-layer growth of the [example 4] example 1, and temperature is raised to 1030 
degrees C. If temperature becomes 1030 degrees C, similarly, by making hydrogen into carrier gas, will pass TMG by part 
for 54xten - six-mol/, will pass TMA by part for 6x10 -six-mol/, and make it grow up for 30 minutes, and 2-micrometer 
Ga0.9aluminum0.1N layer is grown up, and also the Si dope InGaN layer was grown up on the Ga0.9aluminum0.1 N layer like 
th example 1. Consequently, the X-ray rocking curve of the obtained InGaN layer had the peak at the place which similarly 
shows composition of In0.25Ga0.75N, and the half-value width was 6 minutes. Moreover, Si concentration was also the 
same as that of 2x1019-/cm3. 
[0033] 

[Effect of the Invention] According to the growth method of this invention, by the former, the crystallinity and quality can 
be further raised by being able to grow up the single crystal of the impossible InGaN layer, and doping Si and germanium 
and growing up them. Therefore, since practical InGaN is obtained by this invention, the semiconductor material by which a 
laminating is carried out to the blue luminescence device developed in the future is made to terrorism structure to double, 
blue las r diode becomes realizable, and the utility value on the industry is large. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1] The outline cross section showing the composition of the principal part of the MOCVD system used for one 

xample of the growth method of this invention. 
[Drawing 2] Drawing showing the relation of supplied Si and the photoluminescence intensity of the obtained Si dope InGaN 
by the growth method of this invention. 

[Drajwing _3] Drawing showing the relation of supplied germanium and the photoluminescence intensity of the obtained 
germanium dope InGaN by the growth method of this invention. 

[Drawing 4] Drawing showing the spectrum by photoluminescence measurement of InGaN obtained at the process of one 
example of this invention. 

[Drawing 5] Drawing showing the spectrum by photoluminescence measurement of InGaN by one example of this invention. 
[Description of Notations] 

1 Reaction container 2 Susceptor 

3 H ater 4 Control axis 

5 Quartz nozzle 6 Conical quartz tube 

7 Substrate 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 
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[Drawing 4] 



[Drawing 5] 
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1 0~ ej e/U/^. TM 1^20X1 O-^A-/^ NH 
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G e £ K— ^Sfcfcy^^v^^o^if&iSrffixLr, 

G a NJi±l-G e ^b/c I nO. 25G a 0. 75N^^ 
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[0 0 2 4] MV^T, aft* 5 1 0X:tiXTlf, ^/ 
X/US^tT^^T (NH 3 ) 45y^/^i, 

tyr^^ tt*i^ 2 y y h/u/^-esftb^^^, 

TMG S: 2 7 x l 0 yu/^ ffi 1 1 1 5)F^ G 

a N/<s/7 7-lSr*?J2 0 0$->?X ho-^fit 50 
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[0 0 3 1] I n G a NfOXfio y^f^ 
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